The study was conducted to investigate the microbiological and parasitical risk related to the disposal of animal manure to soil by storage of raw pig slurry at temperatures 4°C, 20 °C and 42 °C for 115 days. Plate counts of Salmonella typhimurium and number of devitalized non-embryonated model Ascaris suum eggs were determined on days 0, 7, 12, 22, 32, 40, 55, 90 and 115 of storage. At the same intervals level of selected physico-chemical parameters were determined. Microbiological examination showed that S. typhimurium survived in the slurry for less than 115 days at 4 °C and less than 90 days at 20 °C and 42 °C. Devitalization of A. suum eggs increased with temperature and time of storage, but complete devitalization was not achieved even after 115 days at 42 °C. Physico-chemical parameters showed changes related to decomposition processes, but did not allow us to draw definite conclusion regarding their influence on devitalization of pathogens. The results indicate potential risk to human food chain that can be prevented by strict observation of legislative provisions and appropriate treatment of animal manure.
Introduction
In the majority of European countries including Slovakia farm animals are kept on both specialized and intensive farms. The intensive farms are advantageous with regard to economy, profitability, use of technical means and new technologies but also pose some risks to the environment and public health (Manfredi et al., 2011) . Of the wastes arising in animal production animal excrements, their treatment and disposal are of particular concern. The optimum way of use of animal excrements is their application to soil that allows one to improve its structure and supplement nutrients important for growing crops (Ondrejková et ..... al., 2012) . However, this necessitates proper collection and storage of excrements or other inevitable ways of processing to ensure their appropriate composition and safety. Safe processing of animal excrements is one of the key factors. There are significant microbiological risks related to animal wastes spread onto land subsequently used for crop production or livestock grazing (Lauková et al., 2000; Burton & Turner, 2003) . Unsuitable manipulation, too short or too long storage and intensive use of excrements particularly in the immediate surroundings of farms may frequently result in environmental pollution with respect to noxious gasses and odours, contamination of surface and ground water and hygiene risks related to micro-organisms and various parasitic stages (Nicholson et al., 2005; Venglovský et al., 2006 Venglovský et al., , 2009 Papajová & Juriš, 2009 ). People are in constant contact with soil either directly or indirectly through food, water or air. Soil can act as a carrier or reservoir of important human diseases, particularly intestinal ones (Santamaría & Toranzos, 2003) . Diseases related to soil may be classified, in relation to disease agents, into several groups as follows: (1) diseases related to soil that are caused by occasional pathogens that are normally a part of soil microbiota (e.g. Aspergillus fumigatus), (2) disease agents related to soil resulting in intoxication of food (Clostridium botulinum, C. perfringens, Bacillus cereus), (3) diseases caused by pathogenic species originating from soil (C. tetani, Bacillus antracis, C. perfringens) and (4) soil-borne intestinal pathogens that are introduced to soil by human and animal wastes, particularly bacteria, viruses, protozoa and parasitical helminths (Baumgardner, 2012) . With regard to animal wastes we are concerned particularly with representatives of the family Enterobacteriacea, the majority of which have zoonotic character, such as Salmonella sp., Escherichia coli, Mycobacterium sp., Enterococcus sp., Streptococcus sp., Staphylococcus sp. and similar which are threat to both farm animals and man. The HELMINTHOLOGIA, 50, 3: 147 -154, 2013 The risk to human health related to disposal of animal wastes to soil -microbiological and parasitical aspects (Lauková et al., 2003; Venglovský et al., 2009) . Excrements of farm animals are also a source of endoparasites (cysts, eggs, larvae of genera Ascaris sp., Oesophagostomum sp., Trichuris sp., Strongyloides sp., Isospora sp., Eimeria sp., Giardia sp., Balantidium sp., and others) that may cause massive parasitic infections in both specific hosts and non-specific ones, such as man. An important factor in spreading of endoparasitoses is high tenacity of some propagative stages of parasites (Papajová & Juriš, 2012) . It is generally known that some eggs, infectious larvae (L3), oocysts or sporocysts can survive for considerable time, frequently for several years, even under unfavourable environmental conditions. The most dangerous are highly resistant eggs of some parasitic nematodes, e.g. Ascaris spp., Trichuris spp. and coccidial oocysts . After application of manures to land, there is some movement of the pathogens through the soil matrix, both horizontally and vertically (Papajová et al., 2002) . In soil, this movement is affected by moisture retaining properties of soil. There are several methods for reducing pathogen levels in biosolids prior to land application, e.g. composting and use of solar drying beds, which reduce water content and devitalize pathogens (Papajová & Juriš, 2009 ). The study was conducted to investigate the microbiological and parasitical risk related to disposal of animal manure to soil by storage of raw pig slurry. The aim of our study was to study survival of S. typhimurium and non-embryonated eggs of A. suum in the pig slurry stored under laboratory conditions at temperatures 4 °C, 20 °C and 42 °C. Besides the temperature as one of the most important factors, also potential influence of some physico-chemical factors on the survival was also investigated.
Material and methods
The experiment was carried out on the raw pig slurry obtained from pig farm. The slurry was stored for 115 days in closed plastic containers of volume 5 litre at the following temperatures: -in a refrigerator at 4 °C, -in a thermostat at 20 °C, -in a thermostat at 42 °C. The devitalization effects of storage were investigated by determination of plate counts of Salmonella typhimurium. S. typhimurium was obtained as lyophilised strain S. typhimurium SK 14/39 (SZÚ Prague, Czech Republic).
After multiplication of the test strains in 24-hour broth culture at 37 °C, we used the cultures of S. typhimurium to inoculate the investigated slurry (initial count of S. typhimurium 3.6 x 10 9 CFU.ml -1 ). The A. suum eggs used in the experiment were obtained by dissection of distal ends of the uterus of A. suum females. The distal uterine ends were then removed to a glass homogenizer and processed. The water suspension of eggs was stored in an Erlenmeyer flask in a refrigerator at 4 °C. To observe the vitality of non-embryonated A. suum eggs, polyurethane carriers inoculated with A. suum eggs were introduced into containers with pig slurry. A. suum eggs were inoculated by a micropipette into polyurethane carriers, prepared according to Plachý and Juriš (1995) , at a dose of 1500 eggs per one carrier. A porous cellular plastic -soft expanded polyurethane, commercially known as a plastic foam, was used as a material for the carriers. It is an additive product of polyisocyanates and compounds with a high content of hydroxylic groups. It consists of a network of interconnected cells, resembling a honeycomb. Its polyurethane structure allows for a sufficient contact of helminth eggs with the environment, preventing them from release and consequently improving their recovery. The carriers with eggs were exposed to pig slurry of different temperatures for 0, 7, 12, 22, 32, 40, 55, 90 and 115 days. Three samples were taken and analysed at each sampling interval. Vitality of the exposed eggs was determined by 21-day incubation in a thermostat at 26 °C up to the embryonated stage. The vitality of exposed groups were compared with the control group (suspension of non-embryonated eggs incubated in distilled water). The following changes in physical and chemical properties of the slurry were monitored: pH, dry matter (DM), chemical oxygen demand (COD) and ammonium ions (NH 4 + ). The samples were examined for the pH using a pH electrode (HACH Company, Loveland, Colorado, USA). Dry matter (drying at 105 °C to a constant weight) and water soluble ammonium nitrogen (NH 4 + ) by titration (Mulvaney, 1996) . COD was determined on the basis of organic substances oxidation in sample by potassium dichromate in sulfuric acid medium during 2-hour boiling in a COD reactor (HACH Company, Loveland, Colorado, USA). The physical and chemical properties (pH, DM, COD and NH 4 + ) of pig slurry, as well as the number of damaged eggs, were expressed as mean values ± standard deviation ( x ± SD). Significance of differences between experimental and control groups of parasites were determined using Student ttest, ANOVA and Dunnet Multiple Comparison test at the levels of significance 0.05; 0.01 and 0.001 (Statistica 6.0).
Results and discussion
The microbiological examination of slurry included determination of inoculated S. typhimurium to observe their changes during storage of slurry at different temperatures. S. typhimurium was chosen as a model strain since it can cause serious zoonoses disseminated via faecal contamination. According to Reissbrodt et al. (2000) , Salmonella species are important food-borne pathogens that represent a significant and increasing public health problem in industrialized countries. There are more than 2000 different Salmonella serotypes. The most common pathogens S. enteritidis and S. thyphimurium are responsible for nearly half of all illnesses. The persistence of these bacteria in the environment (e.g. in soil, water, sewage, etc.) depends on the long-term survival of heavily stressed cells, particularly the so-called viable-but-nonculturable (VNC) organisms, that cannot grow on conventional laboratory plating media but may revive in vivo and cause diseases (Chmielewski & Frank, 1995; Rice et al., 2003; Brandl et al., 2006) . Salmonella-contaminated vegetables and fruits were recently identified as a widespread source of human infection. This facultative endopathogen enters and replicates in host cells and actively suppresses host immune responses. Although Salmonella survives on plants, the underlying bacterial infection mechanisms are only poorly understood. Schikora et al. (2008) showed that Salmonella can actively invade and proliferate in Arabidopsis plants and cause disease. Although the possibility of survival of Salmonella in soil for more than 900 days was known earlier, there were questions about its pathogenicity for roots and other plant parts. However, in 2008 Vienna Plant Molecular Biology Laboratory, in collaboration with French laboratories concluded that Salmonella is able to actively penetrate the soil to the root hairs, and so behave like a typical plant pathogen. In the USA, there was proven infection with Salmonella from tomatoes. The disease was caused by the ingestion of tomatoes from farms that used to fertilize organic residues containing both Salmonella and other Enterobacteriaceae. In the U.S., tomatoes have become the most implicated vehicle for produce associated salmonellosis with 12 outbreaks since 1998 (Barak & Liang, 2008) . Therefore, the risk to public health arising from the application of insufficiently treated animal manure to the soil may be higher than detected by common methods. Results of microbiological examination of pig slurry during 115 days of storage at three different temperatures are presented in Fig. 1 .
The initial concentration of the tested S. typhimurium strain (3.6 x 10 5 CFU.ml -1 ) in pig slurry stored at 4 °C decreased by day 90 by three orders of magnitude (3.1 x 10 2 CFU.ml -1 ) and on day 115 of storage the test strain was no more recovered. The tested strain survived in slurry for less than 115 days at 20 °C. A marked decrease by 7 orders of magnitude (to 6.3 x 10 2 CFU.ml -1 ) was observed on day 32 and from this day the test strain was investigated only qualitatively. The most marked decrease in plate counts of test bacteria was recorded in pig slurry stored at 42 °C (Fig. 1) . The survival of pathogens in animal manures and manure slurries is often studied under controlled laboratory conditions. Kudva et al. (1998) noted that survival of pathogens in laboratory studies were was generally lower than those observed in field studies. Our results showed decreased survival of S. typhimurium in pig slurry during storage at 20 °C and 42 °C. This indicated that the viability of bacteria in stored pig slurry was affected first of all by the temperature during the storage. Increased temperature is an important factor contributing to the devitalization of indicator micro-organisms. Similar results on survival of S. typhimurium and indicator microorganisms in stored pig slurry solids were obtained by Plachá et al. (2001 Plachá et al. ( , 2008 . Himathongkham et al. (1999) stored cattle manure and manure slurry at 4 °C, 20 °C and 37 °C and observed survival of E. coli O157:H7 and S. typhimurium and observed decimal reduction times from 6 days to 3 weeks in manure and from 2 days to 5 weeks in slurry. The main effects of time, as well as temperature, were pronounced with the rapidest destruction at 37 °C. According to these authors, the observed order of destruction makes it possible to predict storage conditions (temperature and time) that will lead to a predetermined level of reduction of the two pathogens. Arrus et al. (2006) observed influence of temperature on S. typhimurium and another three Salmonella serovars in hog slurry from different production phases stored at 4 °C, 25°C or 37 °C. Salmonella survived for > 300 days at 4°C. At higher temperatures, the survival was significantly lower. The authors concluded that while Salmonella did not grow in hog manure, storage reservoir temperatures would facilitate Salmonella survival over winter enabling contamination of fields at spring application. Since untreated liquid hog manure may contain Salmonella, manure should be held for 60 days without commingling with fresh manure in reservoirs before application to fields with actively growing crops to minimize the risk of plant and soil contamination by Salmonella.
Recently the emergence of Salmonella strains resistant to antimicrobials, often as a result of antimicrobial usage in animals, is a public health hazard of great concern (Venglovský et al., 2009) . Successful control must focus on a range of preventive actions because there is no simple 'silver bullet' solution to reduce Salmonella contamination. Key to controlling Salmonella is to follow the general rules that have been successfully applied to other infectious diseases (Plym Forshell & Wierup, 2006) . Parasite survival in animal manures may also be related to temperature, but the trends are not as pronounced as those reported for bacterial pathogens. This is likely due to their ability to form cysts and oocysts for protection from environmental pressures. Olson (2003) noted that A. suum eggs are highly resistant to inactivation in faeces, potentially remaining infectious for years. This is very important also with regard to the fact that A. suum is a zoonotic parasite. However, these environments may also be hostile, as they may harbour both predators and competitors, or produce toxic components, that may reduce the pathogen viability. For instance, free ammonia naturally produced by hydrolysis of urea and in decomposing manure, can be biocidal at high concentration. A. suum infects pigs and is of major economic significance due to production losses linked to reduce feed conversion efficiency and losses to the mean industry associated with the condemnation of "milk-spot" livers (Dubinský et al., 2000) . Ascaris infects over a quarter of the world's human population (1.47 billion people worldwide) and clinically affects ~335 million people (Crompton, 1999) . The above-mentioned helminthozoonoses are classified among epidemiologically "low-risk" parasitozoonoses, because the propagative stages develop in the outdoor environment into the infectious stage and potentially secondarily contaminate the food chain. Therefore, direct contact with an infected animal, but also contaminated environment, or contaminated food chain (water, vegetables) are considered as a potential risk factor (Papajová & Juriš, 2012 ). For the above-mentioned reasons, our studies concentrated also on survival of non-embryonated A. suum eggs in raw pig slurry. Devitalization of non-embryonated A. suum eggs, inserted into slurry on polyurethane carriers is presented in Table 1 . At 4 °C, the number of devitalized eggs increased with the length of storage with the exception of day 20 from 15.55 ± 2.52 % on day 0 up to 26.97 ± 5.14 % on day 115. This was almost double decrease compared to the control (14.14 ± 0.82 %). The difference between storage in slurry and distilled water was significant (P < 0.05) after 55 days of storage. Observations at 42 °C showed still more rapid devitalization of A. suum eggs exposed to pig slurry. By the end of the experiment 99.65 ± 1.34 % of eggs were devitalized compared to 14.14 ± 0.22 % in the control. Significant differences in the number of devitalized eggs were observed on days 12, 40 and 90 (P < 0.01) and 7, 20, 55 and 115 (P < 0.001) of storage. Similar results of helminths eggs devitalization in slurry stored anaerobically were also presented by Juriš et al. (1996) . Polprasert and Valencia (1981) found 27 % inactivation of Ascaris eggs at 25 °C after 48 h treatment of excreta whereas in the same period Pecson et al. (2006) found 29 % inactivation at 30 °C. Plachý et al. (1996) found only 4 % inactivation of Ascaris eggs after 7 day of treatment at 21 -25 °C. Parasites, spore-forming bacteria and some types of viruses generally persist for the longest periods in the environment. In general, survival of pathogens in soil increases when manures are incorporated into the soil rather than left on the surface which may be related to decreased exposure to UV radiation, temperature extremes and desiccation and increased availability of nutrients (Hutchinson et al., 2005) . Besides the temperature also changes in physico-chemical properties (particularly pH, DM, COD, ammonia, total phosphorus and total nitrogen) of slurry could affect the vitality of model non-embryonated A. suum eggs at longterm storage (Katakam et al., 2013) . Our study showed that the number of devitalized Ascaris eggs generally increased with the length of storage and the temperature. However, considerable number of Ascaris eggs remained viable even after 115 days of storage at 4 °C and 20 °C. Only at 42 °C more than 90 % of eggs were devitalized after 12 days of storage. However, such temperature can only rarely be reached in animal slurries; thus the risk of persistence of this zoonotic parasite is really high. Separation of pig slurry into solid and liquid fractions is gaining importance as a way to manage increasing volumes of slurry. This is a common process in wastewater treatment plants. The viability of A. suum eggs, a conservative indicator of faecal pollution, and its association with ammonia was investigated in separated liquid slurry in comparison with raw slurry (Katakam et al., 2013) . Initial analysis of helminth eggs in the separated liquid slurry revealed 47 Ascaris eggs per gram. At 25 °C, egg viability declined to zero with a similar trend in both raw slurry and the separated liquid slurry by day 308, a time when at 5 °C 88 % and 42 % of the eggs were still viable in separated liquid slurry and raw slurry, respectively. The poorer survival at 25 °C was correlated with high ammonia contents in the range of 7.9 -22.4 mM in raw slurry and 7.3 -23.2 mM in a liquid slurry compared to 3.2 -9.5 mM in raw slurry and 2.6 -9.5 mM in liquid slurry stored at 5 °C. The study demonstrates that, at 5 °C, A. suum eggs have a higher viability in separated liquid slurry as compared to raw slurry. The hygiene aspect of this needs to be further investigated when separated liquid slurry or separated Besides temperature and time of storage, the survival of pathogens in the slurry may well depend on factors other than temperature and duration of heat treatment, e.g. moisture content, free ammonia concentration, pH, the presence of other micro-organisms and other physicochemical properties (Turner, 2002; Venglovský et al., 2006) This was the reason why we carried out also physico-chemical examination. The stored pig slurry was subjected also to physico-chemical examination which included the determination of pH, dry matter (DM), chemical oxygen demand (COD) and ammonium ion (NH 4 + ). Results are presented as x % ± SD in Tables 2 -5 . With some fluctuations, the pH level increased throughout the storage at all three temperatures. On the other hand, we observed a decrease in DM content toward the end of storage. NH 4 + level fluctuated considerably, and the final level of this parameter differed between the treatments. The COD generally decreased. In our study, we observed a pH increase in stored pig slurry at all three temperatures. This increase was not in correlation with the level of ammonium which varied considerably. This could be due to its release as ammonia and the related decrease in total nitrogen by the end of the experiment except for temperature 4 °C. DM content decreased according to expectations, so did other parameters, which may be related to production and release of some volatile compounds during the storage. The processes that take place in slurry are, however, very complex, and the extent of our examinations did not allow us to draw any definite conclusions in this respect.
Conclusion
Legislation in advanced countries requires acceptable procedures for the disposal, processing and application of animal manures. However, there are still aspects that may raise some risk for safety of human food chain and require further investigations. The best way is to put stress on preventive actions and measures that may eliminate any known or suspected danger resulting from pathogens present in animal manures applied to the soil that is used for animal grazing or growing of crops for human consumption.
